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Soft matter challenge: develop and control new phases and 
states for a new generation of materials
INTRODUCTION
HOW?
C O L L O I D A L B U I L D I N G 
BLOCKS FOR ENGINEERING 
T H E A S S E M B L Y O F 
PARTICULAR TARGETED 
STRUCTURES
Glotzier and Solomon, Nature Materials 6, 557 - 562 (2007)
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THE APPROACH: derive an
Effective Hamiltonian for colloids
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INTRODUCTION
HOW?
- co-solute - co-solute interaction 
(to exploit self-assembly, critical 
fluctuations, percolation, etc… )
- colloid-cosolute interactions 
(hard, soft, ultrasoft interaction)
DRAWBACK
TUNABILITY: exploit colloid-cosolute properties
S. Buzzaccaro et al., PRL 105 (2010) 
N. Gnan et al. Soft Matter 8 (2012)
N. Gnan et al., Nat. Comm.. 5,  3267 (2014)
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INTERACTING CO-SOLUTE: PATCHY 
PARTICLES
Bianchi et al  Phys. Rev Lett.  97, 168301 (2006).
limited valence M
Use patchy models to get insight on atomic/molecular systems
INTERACTING CO-SOLUTE: PATCHY 
PARTICLES
from patchy particles to DNA
courtesy of L. Rovigatti
S. Biffi, R. Cerbino, F. Bomboi, E. M. Paraboschi, R. Asselta, F. Sciortino and T. Bellini, “PNAS” (2013)
INTERACTING CO-SOLUTE: PATCHY 
PARTICLES
from patchy particles to DNA
NUMERICAL MODELS AND METHODS:
2P - patchy particles
To achieve the assembly of monomers into reversible chains and 
clusters we exploit patchy particles with two attractive sites.
Kern-Frenkel interaction potential
N. Kern and D. Frenkel, JCP, 118, 9882 (2003).
Square-well potential 
Angular function
the system does not have a gas-liquid critical point
! θ ~ 26.5 º
! λ = 0.119
! ε = 1.0
! 1 bond x patch 
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r
P (r) = P id(r) · g(r)
we measure the probability of 
finding two colloids at distance r
and
 Veff (r) =   ln g(r, ⇢! 0)
Results I: Effective interactions in a sol of 
reversible chains 
we investigate a wide region of temperatures and cosolute packing fraction since  
no phase separation occurs
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there must be more for the 2P case…
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confinement promotes nematization 
allowing cosolute particles to maximize 
their bonds
N. Garcia, N. G. and E. Zaccarelli soft matter 2017
Results I: Microscopic mechanism leading to 
attractive oscillations 
depletion interactions between  
nanoparticles in polymer melts
NO ATTRACTIVE 
OSCILLATIONS!
Results II: Generalization of the effect 
Do anisotropic interactions play a role in determining the oscillatory attractive 
behavior of the effective interaction at high density?
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we compare effective interactions  
generated by different patchy co-solute 
at similar state points
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Confinement disfavours clusters 
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Patches arranged 
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Patches arranged
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CRYSTALS AND QUASICRYSTALS AT GLANCE 
and many others…
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isotropic potentials  
with multiple lengthscales  
can give rise to exotic phases
Results III: Colloids Behavior 
We perform Monte Carlo NVT and 
N p T s i m u l a t i o n s o f c o l l o i d s 
interacting with the effective potential, 
to investigate the crystal structure
 VTOT (r) =  VCC(r) +  V
2P
eff (r)
Is cosolute self-assembly a mechanism to generate 
effective potentials able to give rise to exotic structures?
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By tuning the effective interaction through the control 
of the co-solute parameters (size, packing fraction, 
different species, valence) we aim at investigating 
• anomalous dynamics in glassy systems 
• exotic crystals and quasi-crystals
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Effective potentials induced by self-assembly of patchy particles 
Nicolás Ariel García, Nicoletta Gnan, Emanuela Zaccarelli,Soft Matter, 2017,13, 6051-6058 
